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(57) A surface-coated tungsten - carbide-based 
cemented carbide blade member including a tungsten 
carbide-based cemented carbide substrate, and a hard 
coating of an average layer tliickness of 3 to 30 ^m 
formed thereon is disclosed. The hard coating includes 
a first layer deposited on the substrate, a second layer 
deposited on the first layer, and a third layer deposited 
on the second layer. The first layer has a granular crystal 
structure, while the second layer has an elongated crys- 
tal structure. Among the constituents fdrnring the sub- 
strate, at least tun^en and cobalt are diffused into the 
grain boundaries of the first and second layers. 
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BACKGROUND OF THE rNVENTIQN 
Field of the Inveniion 

The present invention relates to a surface-coated tungsten carbide-laased cemented carbide blade member which 
has hand coating layers possessing an excellent bonding strength, so that even when used for cutting with a large cutting 
resistance, e.g., cutting of mild steels, it exhibits an exceptional cutting performance for a prolonged period of time. 

Conventional Art 

Conventionally, as described in Japanese Patent Applications, B-Publication Nos. 57-1585 and 59-52703, surface- 
coated cemented carbide blade members principally fbr use In turning and milling of alloy steels and cast Iron are well 
known in the art. Such a blade member comprises: a substrate of a tungsten carbide-based cemented carbide which 
may be entirely homogeneous in structure, or which may have a surface zone rich in binder constituents such as cobalt 
as opposed to an interior portion; and a hard coating of an average layer thickness of 3 to 30 fim formed on the substrate 
by means of chemical vapor deposition or physical vapor deposition and including a first layer of titanium nitride (here- 
inafter refenred to as TiM). a second layer of titanium carbonitride (hereinafter referred to as TiC^D, and a third layer of 
aluminum oxide (hereinafter referred to as AI2O3). The hard coating may optionally include a fourth layer of TiN, and an 
intermediate layer of titanium carbide (hereinafter referred to as TiC) between the second and third layer& 

Furthemriore, in recent years, In addition to the progressing need for unmanned operation of the cutting processes, 
factory automatization of the cutting machines is remarkable, and universality tends to be required fbr cutting tools in 
general. In the case of the conventionEd coated blade members of the aforesaid type, they can be used without any 
problems for cutting alloy steels or cast Iron. However, inasmuch as bonding strength of the hard coating is not adequate, 
the hard coating is susceptible to layer separation or chipping when the blade member is used for the cutting operation 
of mild steels involving high cutting resistance. For this reason, the too! life of tiie blade member is relatively short. 

SUMMARY OF THE INVENTION 

Observing the above-identified problems associated with the conventional blade rnen^ers. the inventors have made 
an extensive study to enhance the bonding strength of the hard coating. As a result, it was discovered that: 

(a) in the hard coating of the conventional coated cemented carbide blade members, although the first layer of TiN 
has a relatively strong bonding strength with respect to ttie cemented carbide substrate, the bonding sti-engths 
between the re^ective layers, i.a, layer-to-layer bonding strengtf^, are insufficient resulting in layer separations 
or chipping; 

(b) whereas. In the hard coating of the conventional coated cemented carbide blade members, the first layer of TIN, 
the second layer of TiCN, all of the optional fourth layer of TiN, and the optional intermediate layer of TiC have 
granular crystal structures, and the tiiird layer of Al^a has an a-type crystal structure, ttie bonding strengths of the 
second layer of TiCN with respect to the first layer of TiN and the third layer of AI2O3, and ttie bonding strength of 
the third layer of AI2O3 witti respect to ttie optional fourth layer of TiN, as well as the bonding strength of the optional 
intermediate layer of TiC witii respect to the associated adjacent layers, are remarkably enhanced by modifying the 
crystal structures of the layers such ttiat the second layer of TiCN has a crystal structure of unilaterally grown 
elongated crystals whereas the third layer of AI2O3 has a crystal sti^ucture including K-type and/or a-type crystals : and 

(c) by heat-treating the suk)strate coated with the second layer of TiCN or the optional Intermediate layer of TIC to 
850 to 1 1 0O^'C in a hydrogen atmosphere of 1 0 to 1 00 ton^ for 1 to 5 hours, ttie constituents of ttie cemented carbide 
substrate, at least tungsten and cobalt, are adequately cfiffused at a prescribed W/Co atomic ratio into the grain 
boundaries of the first and second layers and ttie optional intermediate layer due to capillary action, and the resulting 
first and second layers, as well as tiie optional intermediate layer, come to contain at least tungsten and cobalt 
therein, so that, in addition to the increase of bonding strength between crystal grains, the layer-to-layer bonding 
strength as well as the bonding strength between the hard coating and the substrate are substantially enhanced. 

Thus, according to the present invention, there is provided a surface-coated tungsten carbide-based cemented 
carbide blade member comprising: a tungsten carbide-based cemented carbide substrate; and a hard coating of an 
average layer thickness of 3 to 30 ^m formed thereon and including a first layer deposited on the sut^strate, a second 
layer deposited on the first layer and a third layer deposited on the second layer, characterized in that (a) the first layer 
has a granular crystal structure while tiie second layer has a crystal structure of unilaterally grown elongated crystals; 
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and that (b) among the constituents forming the cemented carbide substrate, at least tungsten (W) and cobalt (Co), 
(inclusive of carbon (C)) are diffused into the grain boundaries of the first and second layers. 

With this construction, the blade member of the invention comes to have a hard coating possessing exceptional 
layer-to-layer bonding strengths and bonding strengths between the hard coating and the substrate. Accordingly, in 
addition to the cutting operations for alloy steels and cast iron, the blade members can be used for cutting operations 
undergoing a large cutting resistance, e.g.. cutting of mild steels, and exhibit an exceptional cutting performance for a 
prolonged period of time. 

DETAILED DESCRIPTION OF THE INVENTION 

Thus, the surface-coated tungsten carbide-based cemented carbide blade member in accordance with the present 
invention comprises: a tungsten carbide-based cemented carbide substrate; and a hard coating of an average layer 
thickness of 3 to 30 formed thereon and Including a first layer deposited on the substrate, a second layer deposited 
on the first layer and a third layer deposited on the second layer, and Is characterized in that (a) the first layer has a 
granular crystal structure while the secortd layer has a crystal structure of unilaterally grown elongated crystals; and that 
(b) among the constituents forming the cemented carbide substrate, at least tungsten and cobalt (inclusive of carbon) 
are diffused into the grain boundaries of the first and second layers. 

In the foregoing, the tungsten carbide-based cemented carbide substrate may be entirely homogeneous in structure, 
or may have a surface zone rich in binder constituents. Typically, the tungsten carbide-based cemented carbide which 
may be lised in the context of the present invention may comprise cobalt as a binder phase forming conrponent and 
balance tungsten carbide as a hard dispersed phase forming component. It may further contain, as a dispersed phase 
component, carbides, nitrides and/or carbonitrides of metals selected from Group IVX, Va. Vl^ of the Periodic Ikble. 

With respect to the hard coating, if the average thickness of the hard coating is less than 3 ^m, a desired wear 
resistance cannot be ensured. On the other hand, at over 30 )im, the fracturing resistance suddenly deteriorates. There- 
fore, the average thickness of the hard coating has been determined so as to range from 3 to 30 ^m. 

In the hard coating, it is preferable that the first layer be formed of one of TIN. TiC. and TiCN, the second layer be 
formed of TiCN, and the third layer t>e formed of A1203 based on ic-type and/or a-type crystals. The average thicknesses 
of the first layer of TiN or the like, the second layer of TiCN. and the third layer of AI2O3 are preferably from 0.1 to 5 fun, 
from 1 to 20 urn. and from 0. 1 to 1 5 |tm, respectively, and more pr^erably from 0. 1 to 2 ^un, from 3 to 1 5 itm, and from 
1 to 1 0 |xm. respectively 

In addition, the hard coating may have one or more optional coating layers as long as the total coating thickness 
• does not exceed 30 ^m. More specifically, an intermediate layer of TIC may be preferably deposited between the second 
layer and the third layer so as to have a granular aystal structure and a layer thickness of 0.1 to 5 \m. The hard coating 
may still have an intervening layer of TiCO (titanium oxycarbide) or TiCNO (titanium oxycarbonitride) deposited between 
the second layer and the third layer so as to have a granular crystal structure and a layer thickness of 0. 1 to 5 (im. When 
the aforesaid intermediate layer is formed, this intervening layer of granular TiCO or TICNO crystal structure may be 
formed between the intermediate layer and the third layer, but its average thickness is determined such that the total 
thickness of the Intervening layer and the intermediate layer ranges from 0. 1 to 5 fim. 

The hard coating may further comprise an optional fourth layer of granular TiN or TiCN formed on tiie third layer 
and having an average layer thickness of 0.1 to 5 \im. Furthermore, the third layer may have a composite layer structure 
including at least one dividing layer to define at least three sublayers therein, the dividing layer being formed of at least 
one of TiC, TiN, TICN. TiCO and TiCNO. The thickness of such dividing layer may be preferably from 0.01 to Ijim, and 
the total thickness of the conposite layer structure may be preferably from 1 to 10 |xm. 

Moreover, among the constituents fonning the cemented carbide siAjstrate, at least the tungsten (W) and the cobalt 
(Co) (inclusive of carbon) are diffosed into ttie grain boundaries of tfie first and second layers to form witti titanium 
compounds grain boundary phases. In this regard, it is preferable tiiat the amounts (atoriiic%) of the tungsten and cobalt 
(inclusive of caiton) diffused into the grain boundaries of the first and second layers be greater at a zone adjacent to 
the substrate and decrease towards the top surface of the hard coating. Furtiiermore, witii respect to each of tungsten 
and cobalt rt is preferable that such diffused amount in the first layer be no less tiian 5 atomic %. Moreover, rt is preferable 
that the atomic ratio of such drffised tungsten to cobalt at a zone 0.1 to 0.3 jim apart from the substrate surface satisfy 
the following relationshq^: 

3/5 < W/Co 

This is because at less than 3/5, a sufficient amount of diffused tungsten is not obtained, and the bonding strength with 
respect to the substrate is inadequate to avoid separation of the overall hard coating during the cutting operation. The 
upper limit for this ratio may preferably be around 1 . The above value 3/5 is a value obtained by analyzing the portion 
adjacent to the sut)strate, typically by transmission electron microscopic measurement of ttie portion at a distance of 
0.1 to 0.2 \ixx\ from the substrate surface. 
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When analyzing the amount of tungsten in conrparison with that of cobalt, the tungsten amount is rich in a position 
adjacent to the substrate, and decreases in a direction away from the substrate. The decreasing tendency of the tungsten 
amount is greater than that of the cobalt €unount, and the grain boundaries, which contain littie tungsten and are rich In 
cobalt, are seen at the portions spaced apart from the substrate. At the portions further remote from the substrate, the 
diffused layers almost tend to disappear. 

As described in Japanese Patent Application. A-Publication No. 6-8010. among the respective layers of the hard 
coating, the second layer of elongated crystal TiCN may be preferably formed under the following conditions: 

(a) Reaction gas composition: 1 to 4 % by volume of TiCU, 1 to 5 % by volume of CI-iaCN. 0 to 35 % by volume of 
N2 and balance Hz 

(b) Reaction temperature: 850 to SSO^'C 

(c) Ambient pressure: 30 to 200 ton. 

Furthermore, the layer of granular TiCN crystals may be ordinarily formed under the following conditions: 

(a) Reaction gas composition: 1 to 5 % by volume of TiCU. 2 to 7 % by volume of CIH4. 1 5 to 30 % by volume of N2 
and balance H2 

(b) Reaction temperature: 950 to 1050*^0 

(c) Ambient pressure: 30 to 200 torr. 

Moreover, the Al^a layer consisting essentially of K-type crystals may be formed under the following conditions: 

(a) Reaction gas composition: 1 to 20 % by volume of AICI3 and balance H2. or 1 to 20 % by volume of AlCIa, 1 to 
20 % by volume of HCI and/or 0.05 to 5 % by volume of H2S, and balance H2 for an initial stage of 1 to 1 20 minutes; 
and 1 to 20 % by volume of AIG3, 0.5 to 30 % by volume of CO2. and balance H2, or 1 to 20 % by volume of AICI3. 
0.5 to 30 % by volume of CO2. 1 to 20 % by volume off HCI and/or 0.05 to 5 % by volume of H2S, and balance H2 
for the later stage; 

(b) Reaction temperature: 850 to lOOO^'C 

(c) Ambient pressure: 30 to 200 torr. 

Thus, the hard coating of the blade mentber of the invention may be formed by means of chemical vapor deposition 
method or physical vapor deposition method under the aforesaid and conventional concGtions. by depositing initially a 
first layer of TIN or the like on the surface of ttie cemented carbide substrate, subsequently depositing the second layer 
of TiCN and the third layer of AI2Q3. and optionally the fburtfi layer off TIN or tiie like. In this process, during tiie formation 
of the second layer and the subsequent outer layers, the carbon component in the cemented carbide substrate may be 
occasionally diffused into the first layer of TIN or the like to form a solid solution therewith. In this case, when the first 
layer is off TiN, it may partially or totally turn into TiCN. 

The present Invention will now be explain^ in more detail t>y way of the following exanrple. 

EXAMPLE 

As the raw materials, 3 fim medium grain WC powder, 5 \un coarse greun WC powder, 1.5 |im (Ti,W)C (by weight 
ratio, TiC/WC=30/70) powder, 1.2 jim (Ti,W)(C,N) (nC/TiN/WCa24/20^6) powder, and 1.2 jtm Co powder were pre- 
pared, then these raw material powders were blended in the compositions shown in Table 2 and wet-mixed in a ball mill 
for 72 hours. After drying, they were press-shaped into green compacts of the form of ISO CNMQ 120408 (cemented 
carbide substrates A-C) and SEEN 42 AFTNl (cemented carbide substrate D), then these green contacts were sintered 
in vacuum under the conditions described in Table 2, thus resulting in tiie production of cemented carbide substrates A 
toD, 

Furthenmore, in the case of the above cemented carbide substrate A, after maintenance in an atmosphere of CH4 
gas at 100 torr and a temperature of 1400*^0 for 1 hour, a gradually cooling carburizing procedure was run, then, by 
removing the carbon and Co attached to the substrate surface using add and ban's! polishing, a Co-rich region 40 ^.m 
deep was formed in the substrate surfece layer wherein, at a position 10 \m from the suriace, the maximum Co content 
was 1 5% by weight. 

Moreover in the case of cemented carbide substrate C above, while sintered, a Co-rich region 20 ^m deep was 
formed wherein, at a position 15 ^m from the surface, the maximum Co content was 9% by weight and in the remaining 
cemented carbide substrates B and D. no Co-rich region was formed, and they had homogeneous structures over their 
entirety. The hardnesses of the interior portions of the above cemented carbide substrates in Rockwell A-Scale were 
also measured, and the results are also set forth in Table 2. 
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Subsequently, after honing the sur^ces of the cemented carbide substrates A to D. hard coatings having connpor. 
sitions, crystal structures and average layer thicknesses shown in Tables 4 to 9 were formed on the substrates under 
the conditions shown in Table 3 by using a usual chemical vapor deposition apparatus, and by maintaining the resulting 
coated substrates, after the formation of the second layer, in a hydrogen atmosphere of 5 torr at a temperature of 1 050^*0 
for a prescribed period from 1 to 5 hours to heattreat the same, the coated cemented carbide blade members of the 
present invention 1 to 33 were produced, whereas, without heat treatment above, the comparative coated cemented 
carbide blade members 1 to 1 1 were produced. 

With respect to the coated cemented carbide blade mender 6 of the invention, the W and Co distributions in the 
grain boundaries of the hard coating were investigated by specifying the grain boundary using a transmission electron 
microscope arxi analyzing the same quantitatively using an energy dispersive X-ray spectroscopy. The results are set 
forth in Table 1. from which it is seen that the W amount decreased abruptly from a position of around 1 )im from the 
substrate surface, whereas the Co amount suddenly decreased from the position of around 3 ^m from the surface. 

Similarly, the W and Co distributions for the remaining coated cemented carbide blade members 1-7 and 9-33 of 
the Invention were investigated, and the same distribution was confirmed. 

Furthermore, with respect to the first, second and optional intermediate layers of the coated cemented carbide blade 
members thus obtained, the average W and Co contents in a respective layer were obtained by taking the average over 
five points in each layer. The results are also shown in Tables 4 to 9. 

Then, for the coated cemented carbide blade members of the invention 1-5, 8-12. 15-19, 22-26, and 29-32. and the 
comparative coated cemertted carbide blade members 1-4. 6-7, and 9-10. a mild steel continuous cutting test was per- 
formed under the following conditions: 
Workpiece: mild steel round bar 
Cutting Speed: 335 m/min 
Feed: 0.25 mm/rev 
Depth of Cut: 2 mm 
Cutting Time: 20 min 

Furthermore, an interrupted cutting test was performed under the following conditions: 
Workpiece: mild ste^ square block 
Cutting Speed: 305 m/min 
Feed: 0.26 mm/rev 
Depth of Cut: 1 .5 mm 
Cutting Time: 25 min 

In either of the tests, the widths of flank wear of the cutting edges were measured. The results are set forth in Tables 4 to 9. 

Furthermore, for the coated cemented carbide blade members of the Invention 6, 7, 13. 14, 20, 21 . 27, 28 and 33. 
and the comparative coated cemented carbide blade members 5, 8 and 11 , a mild steel milling test was performed under 
the following conditions: 

Workpiece: mild steel square block 

Cutting Speed: 305 m/min 

Feed: 0.36 mm/tooth 

Depth of Cut: 2.5 mm 

Cutting Time: 30 min 

in which flank wear widths of the cutting edges were measured. The results are also set forth in Tables 4 to 9. 

As can be seen from Tables 4 to 9. all of the coated cemented carbide blade members of the invention 1 to 33 
demonstrate the properties that even though the cutting operations of mild steels involve a large cutting resistance, there 
occurs neither layer separation nor chopping in the hard coating, and an exceptional bonding strength between layers 
can be obtained. In contrast, due to insufficient borKling strength between layers in the hard coating, the comparative 
coated cemented carbide blade members 1 to 1 1 were subjected to the layer separations or chipping during the mild 
steel cutting operations, and their tool lives ended in a relatively short time. 
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TABLE 9-2 



Type 


Hard Cc^ting 




Intermediate Layer 


Intervening Layer 




Cornposition (ALT) 


Crystal Structure 


Composition (ALT) 


Crvstal Structure 


Comparative Coated 
Canented Carbide 
Blade Member 


1 






m 




2 












3 


TiC(0,9) 


Granular 








4 


TIC(1.2) 


Granular 








5 


TiC(2.5) 


Granular 








6 






TiC0(1 .2) 


Granular 




7 


m 




TiCO(0.8) 


Granular 




8 


m 




TiCNO(1 .7) 


GranulEU' 




9 


TiC(0,7) 


Granular 


TiCO(0.S) 


Granular 




10 


TiC(1.2) 


Granular 


TiCNO(0.7) 


Granular 




11 


TiC(3.2) 


Granular 


TiCNO(l.l) 


Granular 


Note: ALT denotes an average layer thickness In \ur\. 
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Claims 

1 . A surface-coated tungsten carbide-based cemented carbide blade member comprising: 

a substrate of a tungsten carbide-based cemented carbide containing at least tungsten and cobalt; and 
a hard coating of an average layer thickness of 3 to 30 ^m formed on said substrate and Including a first layer 

deposited on said substrate, a second layer deposited on said first layer and a third layer deposited on said second 

layer, 

wherein said first layer has a granular crystal structure, and said second layer has a crystal structure of 
unilaterally grown elongated crystals; and wherein among constituents forming said substrate, at least tungsten and 
cobalt are diffused into grain boundaries of said first and second layers. 

2. A surface-coated cements carbide blade member as defined in claim 1 . wherein the diffused amounts by atomic 
% of the tungsten (VS/) and cobalt (Co) are greater at a portion adjacent to the substrate and decrease towards a 
top surfece of the hard coating, and wherein the atomic ratio of tungsten to cobalt at the portion adjacent to the 
substrate satisfies the following relationship: 

3/5 < W/Co 

3. A surface-coated cemented carbide blade member as defined in claim 2. wherein said tungsten carbide-based 
cemented carbide substrate Is entirely homogeneous in structure, or has a surface zone rich in binder constituents, 
and wherein said first layer is formed of at least one of the group consisting of titanium nitride, titanium carbide and 
titanium carbonltrlde. said second layer being formed of titanium carbohttrlde. said third layer being form^ of alu- 
minum oxide based on ic-type and/or a-type crystals. 

4. A surface-coated cemented carbide blade member as defined in daim 3. wherein said hard coating further has an 
intermediate layer of titanium carbide formed between said second layer and said third layer so as to have a granular 
crystal structure and a layer thidoiess of 0.1 to 5 |im. 

5. A surface-ooated cemented carbide blade member as defined in daim 3. wherein said hard coating layer further 
includes an Intervening layer of one conpound selected from the group consisting of titanium oxycarbide and titanium 
oxycarbonitride. said intervening layer being formed between said second layer and said third layer so as to have 
a granular crystal structure and a layer thickness of 0.1 to 5 \im, 

6. A surface-coated cemented carbide blade member as defined in claim 4. wherein said hard coating further indudes 
an intervening layer of one compourKi selected from the groi^ consisting of titanium oxyceubide and titanium oxy- 
carbonitride, said intervening layer being formed between said intermediate layer and said third layer so as to have 
a granular structure and having a layer thickness such that the total thickness of said intervening layer and said 
intermediate layer ranges from 0. 1 to 5 ^m. 

7. A surface-coated cemented carbide blade member as defined in any one of daims 3 to 6. wherein said hard coating 
further comprises a fourth layer of granular sto'ucture deposited on said tiilrd layer, said fourth layer being formed of 
a compound selected from the group consisting of titanium nitride and titanium carbonitride. 

8. A surface-coated cemented carbide blade member as defined in any one of claims 3 to 6, wherein said third layer 
has a composite layer structure of at least three sublayers formed of at least one compound selected from the group 
consisting of titanium carbide, titanium nitride, titanium carbonitride. titanium oxycart>ide and titanium oxycarboni- 
tride. and wherein the thickness of each sublayer is from 0.01 to l^m. whereas the tiiickness of the composite layer 
structure is from 1 to 10 ^m. 

9. A surface-coated cemented carbide blade member as defined in daim 7. wherein said third layer has a composite 
layer structure of at least three sublayers formed of at least one compound selected from the group consisting of 
titanium carbide, titanium nitride, titanium carbonitride. titanium oxycarbide and titanium oxycaibonitride, and 
wherein the thickness of each sublayer is from 0.01 to Ifim. whereas the thickness of the composite layer structure 
is from 1 to 10 ^m. 
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